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Description
Technical Field

[0001] The presentdisclosure relates to a base station
device and a communication method.

Background Art

[0002] Long Term Evolution (LTE) has been specified
for achieving a higher data rate, lower latency, and the
like in a Universal Mobile Telecommunication System
(UMTS) network (see Non-Patent Literature (hereinafter
referred to as "NPL") 1). Future systems beyond 4th gen-
eration mobile communication systems (4G)suchas LTE
have also been studied for achieving a broader band-
width and a higher speed. Such future systems are called
5th generation mobile communication systems (5G) or
the like.

[0003] In 5G, exploitation of broadband frequency re-
sources by utilization of high-frequency bands, and
beamforming and spatial multiplexing based on Massive
Multiple Input Multiple Output (MIMO) techniques utiliz-
ing super multi-element antennas make it possible to
achieve a user throughput as high as 10 Gbps that is
much higher than those achieved by conventional mobile
communication systems. Moreover, multiuser MIMO uti-
lizing the plentiful antenna elements makes it possible to
achieve high-capacity communication by multiple access
in a spatial layer.

Citation List
Non-Patent Literature
[0004]

NPL 1 3GPP TS 36.300 v13.4.0, "Evolved Universal
Terrestrial Radio Access (E-UTRA) and Evolved
Universal Terrestrial Radio Access Network (E-
UTRAN); Overall description; Stage 2 (Release 13),"
June 2016

NPL 2 Mashino et al., "Uplink Transmission Power
Reduction by Using Low SHF Band Massive MIMO
for 5G," IEICE Tech. Rep., vol. 117, No. 11,
RCS2017-23, pp. 119-124, April, 2017

Summary of Invention
Technical Problem

[0005] Since application of beamforming by a base sta-
tion which includes a super multi-element antenna in-
creases the received Signal-Noise Ratio (SNR) of a UL
signal from a radio communication terminal (hereinafter,
referred to as "terminal"), the transmit power of the ter-
minal can be reduced. However, such reduction in trans-
mit power of the terminal by beamforming by the base
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station is limited by various causes. There are also limi-
tations on an increase in number of antenna elements
due to restricted places for installing base stations, bal-
ance between the traffic demand and the production cost,
and/or the like, for example.

[0006] An object of the present disclosure is to provide
a base station device and a communication method
which make it possible to reduce the transmit power of
a terminal.

Solution to Problem

[0007] Abase station device according to one aspect
of the present disclosure includes: a reception point that
includes a plurality of antennas; and a control section
that selects a plurality of terminals that transmit uplink
signals to be received while space-division multiplexed
by the plurality of antennas, in which the control section
controls a ratio between a number of first terminals and
a number of second terminals in selecting the plurality of
terminals, the second terminals being terminals whose
rate of the uplink signals is higher than a rate of the uplink
signals of the first terminals, the ratio being controlled
depending on a target transmit power configured for the
first terminals.

Advantageous Effects of Invention

[0008] According to the present disclosure, the trans-
mit power of a terminal can be reduced.

Brief Description of Drawings
[0009]

FIG. 1 is an explanatory view for explaining terminal
groups in the 5G era;

FIG. 2 illustrates an example of a configuration of a
communication system according to Embodiment 1;
FIG. 3illustrates an example of a block configuration
of a Centralized Unit (CU) and a BaseBand Unit
(BBU) according to Embodiment 1;

FIG. 4 illustrates an example of a block configuration
of a terminal according to Embodiment 1;

FIG. 5A illustrates an example where low-speed ter-
minals and high-speed terminals are accommodated
by space division multiplexing in multiuser MIMO ac-
cording to Embodiment 1;

FIG. 5B illustrates an example where low-speed ter-
minals and high-speed terminals are accommodated
by space division multiplexing in multiuser MIMO ac-
cording to Embodiment 1;

FIG. 6A illustrates an example of a configuration of
a communication system according to Embodiment
2

FIG. 6B illustrates an example of the configuration
of the communication system according to Embod-
iment 2;
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FIG. 7 is a flowchart illustrating an example of
processing for determining the number of accommo-
dated low-speed terminals and the number of BBUs
for site coordination according to Embodiment 2;
FIG. 8 is a flowchart illustrating an example of
processing for determining the number of accommo-
dated low-speed terminals and the number of BBUs
for site coordination according to Embodiment 2;
FIG. 9 illustrates an example of a combination table
according to Embodiment 2;

FIG. 10 illustrates an example of a computer simu-
lation resultrelated to the communication system ac-
cording to Embodiment 2; and

FIG. 11 illustrates an example of hardware configu-
ration of the CU, BBU, and terminal according to Em-
bodiment 2.

Description of Embodiments

[0010] Hereinafter, an embodiment of the present dis-
closure will be described with reference to the accompa-
nying drawings.

[0011] Note that, the reference signs such as those in
"BBU 3a" and "BBU 3b" may be used to describe ele-
ments of the same kind while distinguishing them from
each other, and common numbers of the reference signs
such as thatin "BBUs 3" may be used by itself to describe
the elements of the same kind without distinguishing
them from each other.

(Embodiment 1)

[0012] FIG. 1is an explanatory view for explaining ter-
minal classes in the 5G era.

[0013] Itis expected in the 5G era that communication
without intervention by humans such as represented by
Internet of Things (loT) spreads in addition to human-
oriented communication. Taking into consideration the
overhead cost for multiple access, it cannot be said that
accommodation of loT terminals of 5G is indispensable.
However, there has been a need for reducing a shortage
of radio resources in the conventional mobile communi-
cation systems, such as 4G and the like. One method for
satisfying this need is to accommodate low data rate ter-
minals (hereinafter, referred to as "low-speed terminals")
whose target transmission rates are from several Mbps
to tens of Mbps in a high-capacity 5G system in which
high data rate terminals (hereinafter, referred to as "high-
speed terminals") whose target transmission rates are
from several hundred Mbps to several Gbps are accom-
modated. Thatis, efficientaccommodation of the terminal
classes of different data rates is required. Note that, the
terminal classes may be identified by indicators the same
as those for QoS service classes, for example.

[0014] The low-speed terminals may also be referred
toas loT terminals. Examples of the loT terminals include
surveillance cameras, wide-area surveillance drones,
and high-performance household appliances. The high-
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speed terminals may also be referred to as "user termi-
nals." Examples of the user terminals include 4K/8K vid-
eo terminals, hologram terminals, rich-contents upload
terminals, Virtual Reality (VR) terminals, and Augmented
Reality (AR) terminals.

[0015] AnloT usecase inwhich aplurality of low-speed
terminals are distributed and arranged in various fields
can be considered. In this case, the low-speed terminals
are required to be utilized for a long time without a com-
mercial power source. That is, it is necessary to reduce
the power consumption of each of the low-speed termi-
nals. Factors constituting the power consumption of the
terminal include a transmit power of an uplink (UL ) signal.
Thus, reduction in transmit power of the UL signal can
result in a reduction in power consumption of the low-
speed terminal.

<System Configuration>

[0016] FIG. 2 illustrates an example of a configuration
of a communication system according to Embodiment 1.
[0017] Communication system 1 includes CU 2, BBU
3 installed at a predetermined site, and a plurality of ter-
minals 4 as illustrated in FIG. 2. BBU 3 is connected to
CU 2 by fronthaul, such as optical extension. CU 2 and
BBU 3 may also be an integrated device. CU 2 and BBU
3 may collectively be referred to as "base station device
NB." Base station device NB may also be referred to as
"eNodeB." Also, CU 2 may be referred to as "aggregate
base station" and BBU may be referred to as "signal
processing section."

[0018] A plurality of terminals 4 include low-speed ter-
minals 4L and high-speed terminals 4H. The data rate
(transmission rate) of a UL signal of each of low-speed
terminals 4L is lower than the data rate (transmission
rate) of an UL signal of each of high-speed terminals 4H.
The rate (e.g., data rate) of the UL signal of low-speed
terminal 4L is guaranteed (e.g., a target rate is config-
ured). The rate of the UL signal of high-speed terminal
4H is on a best effort basis (e.g., no targetrate is defined).
[0019] BBU 3includes a super multi-element antenna,
and applies beamforming BF to receive the UL signals
from terminals 4. An increased number of antenna ele-
ments leads to an increase in beamforming gain, result-
ing in an increase in received SNR of the UL signals.
However, the increase in number of antenna elements
is limited by various causes such as restricted places for
installing BBU 3, balance between the trafficdemand and
the production cost, and the like.

[0020] An increased transmit power of each of termi-
nals 4 also leads to an increase in beamforming gain of
BBU 3. However, itis not preferable to increase the trans-
mit power of each of low-speed terminals 4L (e.g., loT
terminals) for which the power consumption is required
to be low.

[0021] NPL 2 describes comparative verification be-
tween a case where a plurality of high-speed terminals
and low-speed terminals are accommodated with re-
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spect to a base station device by Time Division Multiplex-
ing (TDM) and a case where the high-speed terminals
and low-speed terminals are accommodated with re-
spect to the base station device by Space Division Mul-
tiplexing (SDM). In addition, NPL 2 describes that the
TDM maintains orthogonality among the terminals but
the radio-resource utilization ratio is relatively low in the
case of the TDM, whereas the radio-resource utilization
ratio is high but there is a concern about residual inter-
ference among the terminals after spatial division in the
case of the SDM. NPL 2 also describes that the computer
simulation performed taking into consideration these
trade-offs and using actual propagation data shows a
result that the SDM can achieve a comparatively high
system throughput.

[0022] Accordingly, the present embodiment will be
described in relation to a communication system in which
the transmit powers of low-speed terminals 4L can be
reduced when the UL signals are received from a plurality
of terminals 4 with using the SDM.

<Base Station Device>

[0023] FIG. 3 illustrates an example of a block config-
uration of base station device NB.

[0024] Base station device NB includes CU 2 and BBU
3 as illustrated in FIG. 3. BBU 3 includes scheduler 11,
Interface (I/F) section 12, transmission signal generation
section 13, coding and modulation section 14, mapping
section 15, Radio Frequency (RF) transmission and re-
ception section 16, antenna element 17, demapping sec-
tion 18, channel estimation section 19, demodulation and
decoding section 20, and communication quality obtain-
ment section 21. CU 2 includes control section 22. Note
that, the arrangement of the blocks in CU 2 and in BBU
3 as illustrated in FIG. 3 is an example, and a part of the
blocks in BBU 3 may also be arranged in CU 2. For ex-
ample, scheduler 11 and communication quality obtain-
ment section 21 may be arranged in CU 2.

[0025] Scheduler 11 performs scheduling of a Down-
link (DL) signal based on communication quality between
base station device NB and each of terminals 4 as output
from communication quality obtainment section 21. The
DL signal includes the DL data signal and the DL control
signal described above.

[0026] Scheduler 11 performs scheduling of a UL sig-
nal based on the communication quality between base
station device NB and each of terminals 4 as output from
communication quality obtainment section 21. The UL
signal includes a UL data signal and a UL control signal.
[0027] Scheduler 11 determines a Modulation and
Coding Scheme (MCS) and/or the like of the DL data
signal and the UL data signal based on the communica-
tion quality between base station device NB and each of
terminals 4 as output from communication quality obtain-
ment section 21. As for the MCS, the present invention
is not limited to the case where base station device NB
configures the MCS, but terminal 4 may also configure
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the MCS. In the case where terminal 4 configures the
MCS, base station device NB may receive the MCS in-
formation from terminal 4 (not illustrated).

[0028] I/F section 12 communicates with CU 2. I/F sec-
tion 12 performs processing such as that related to a
higher layer above the physical layer or the MAC layer,
for example. I/F section 12 receives data to be transmit-
ted to terminal 4 from CU 2, for example. I/F section 12
transmits data received from terminal 4 to CU 2.

[0029] Transmission signal generation section 13 gen-
erates the DL signal including the DL data signal and the
DL control signal. The DL data signal included in the DL
signal includes user data received by I/F section 12, for
example. In addition, the DL control signal included in
the DL signal includes scheduling information including
radio-resource allocation information for the DL data sig-
nal and radio-resource allocation information for the UL
data signal as generated by scheduler 11. The DL control
signal included in the DL signal also includes Downlink
Control Information (DCI) including the MCS information
generated by scheduler 11.

[0030] Coding and modulation section 14 performs
coding processing and modulation processing on the DL
signal output from transmission signal generation section
13 based on the MCS information generated by sched-
uler 11.

[0031] Mapping section 15 maps the DL signal output
from coding and modulation section 14 to predetermined
radio resources (DL resources) based on the scheduling
information generated by scheduler 11. Note that, map-
ping section 15 performs, based on the scheduling infor-
mation generated by scheduler 11, precoding processing
or BF processing or both of them on the DL signal when
the DL signal is space-division multiplexed. Mapping sec-
tion 15 also performs, based on the scheduling informa-
tion generated by scheduler 11, Orthogonal Frequency
Division Multiplexing (OFDM) processing on the DL sig-
nal when the DL signal is Frequency-Division Multi-
plexed.

[0032] RF transmission and reception section 16 per-
forms transmission processing, such as upconversion,
amplification, and the like on the DL signal output from
mapping section 15, and transmits the DL signal to ter-
minal 4 from a plurality of antenna elements 17. RF trans-
mission and reception section 16 also performs reception
processing, such as amplification, downconversion, and
the like on the UL signal transmitted by terminal 4 and
received by a plurality of antenna elements 17.

[0033] Demapping section 18 separates (demaps),
based on the scheduling information (UL radio-resource
allocation information) generated by scheduler 11, the
UL data signal and the UL control signal of terminal 4
from the UL signal output from RF transmission and re-
ception section 16.

[0034] Channel estimation section 19 estimates a UL
channel state based on a reference signal included in
the UL control signal demapped by demapping section
18.
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[0035] Demodulation and decoding section 20 demod-
ulates and decodes the UL control signal and the UL data
signal demapped by demapping section 18 based on the
channel state estimated by channel estimation section
19. The UL data signal demodulated and decoded by
demodulation and decoding section 20 is transmitted to
CU 2 by I/F section 12, for example.

[0036] Communication quality obtainment section 21
obtains DL communication quality between base station
device NB and each of terminals 4 based on the UL con-
trol signal demodulated and decoded by demodulation
and decoding section 20.

[0037] Control section 22 selects, from multiple termi-
nals which transmit UL signals, a plurality of terminals 4
whose UL signals are space-division multiplexed using
a plurality of antenna elements. In selecting such a plu-
rality of terminals 4, control section 22 controls, depend-
ing on a target transmit power configured for low-speed
terminals 4L, the ratio between the number of low-speed
terminals 4L for which the target rate of the UL signal is
defined and the number of high-speed terminals 4H for
which no target rate of the UL signal is defined. For ex-
ample, control section 22 increases the ratio of the
number of low-speed terminals 4L when the transmit
power of low-speed terminals 4L is greater than the target
transmit power. Note that, the details of control section
22 will be described below.

<Terminal>

[0038] FIG. 4 illustrates an example of a block config-
uration of terminal 4.

[0039] As illustrated in FIG. 4, terminal 4 includes ap-
plication section 31, transmission signal generation sec-
tion 32, coding and modulation section 33, mapping sec-
tion 34, RF transmission and reception section 35, an-
tenna element 36, demapping section 37, channel esti-
mation section 38, demodulation and decoding section
39, and communication quality measurement section 40.
[0040] RF transmission and reception section 35 per-
forms reception processing, such as amplification, down-
conversion, and the like on the DL signal transmitted from
base station device NB and received by a plurality of
antenna elements 36.

[0041] Demapping section 37 separates (demaps) the
DL control signal from the DL signal output from RF trans-
mission and reception section 35. Demapping section 37
also separates (demaps) the DL data signal addressed
to the corresponding terminal from the DL signal output
from RF transmission and reception section 35 based on
scheduling information (DL radio-resource allocation in-
formation) output from demodulation and decoding sec-
tion 39.

[0042] Channel estimation section 38 estimates a DL
channel state based on a reference signal included in
the DL control signal demapped by demapping section
37.

[0043] Demodulation and decoding section 39 demod-
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ulates and decodes the DL control signal and the DL data
signal demapped by demapping section 37 based on the
channel state estimated by channel estimation section
38.

[0044] Demodulation and decoding section 39 outputs
the DL schedule information included in the demodulated
and decoded DL control signal to demapping section 37.
Demodulation and decoding section 39 also outputs the
UL schedule information (UL radio-resource allocation
information) and the MCS information included in the de-
modulated and decoded DL control signal to coding and
modulation section 33 and mapping section 34. Demod-
ulation and decoding section 39 also outputs the refer-
ence signal included in the DL control signal to commu-
nication quality measurement section 40. Demodulation
and decoding section 39 also outputs the demodulated
and decoded DL data signal to application section 31.
[0045] Communication quality measurement section
40 measures DL communication quality based on the
reference signal demodulated and decoded by demod-
ulation and decoding section 39.

[0046] Application section 31 performs processing
such as that related to a higher layer above the physical
layer or the MAC layer, for example.

[0047] Transmission signal generation section 32 gen-
erates the UL signal including the UL data signal and the
UL control signal. The UL data signal included in the UL
signal includes the user data output from application sec-
tion 31, for example. The UL control signal included in
the UL signal includes the DL communication quality
measured by communication quality measurement sec-
tion 40.

[0048] Coding and modulation section 33 encodes and
modulates the UL signal output from transmission signal
generation section 32 based on the MCS information on
the UL signal demodulated and decoded by demodula-
tion and decoding section 39.

[0049] Mapping section 34 maps the UL signal output
from coding and modulation section 33 to predetermined
radio resources (UL resources) based on the scheduling
information on the UL signal demodulated and decoded
by demodulation and decoding section 39.

[0050] RF transmission and reception section 35 per-
forms transmission processing, such as upconversion,
amplification, and the like on the UL signal output from
mapping section 34, and transmits the UL signal to BBU
3 from a plurality of antenna elements 36.

<Space Division Multiplexing>

[0051] FIGS. 5A and 5B illustrate an example where a
plurality of low-speed terminals 4L and a plurality of high-
speed terminals 4H are accommodated by the SDM of
multiuser MIMO. Next, a method for reducing the transmit
power of low-speed terminals 4L according to the present
embodiment will be described with reference to FIGS.
5A and 5B. Note that, the number of accommodated low-
speed terminals 4L and the number of accommodated
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high-speed terminals 4H in a radio frame at a certain
instance are expressed respectively by "u " and "uy" in
the description. Note also that, u; low-speed terminals
4L may collectively be expressed as alow-speed terminal
group and uy high-speed terminals 4H may collectively
be expressed as a high-speed terminal group.

[0052] By way of an example, one base station device
NB can accommodate at least eight terminals 4 in a case
where the number of transmission layers (the number of
MIMO layers) assigned to one terminal 4 is two and the
number of reception layers assigned to one base station
device NB is 16.

[0053] Hereinbelow, for ease of description,
descriptions will be given in relation to a case where one
base station device NB accommodates maximum
number MU ..« (= u_ + uy = 8) of terminals 4. That is,
when base station device NB increases u|, base station
device NB reduces up correspondingly (which
corresponds to the example of the change from FIG. 5A
to FIG. 5B), while on the contrary, when base station
device NB increases uy, base station device NB reduces
u,_ correspondingly (which corresponds to the example
of the change from FIG. 5B to FIG. 5A). However, this is
one example, and the present embodiment is also
applicable to a case where u_ or uy is increased or
reduced.

[0054] Thelow-speedterminal groupis configured with
total target throughput THo and average target transmit
power Po. Total target throughput THo is a target value
for the total of the throughputs of low-speed terminals 4L
belonging to the low-speed terminal group. Average tar-
get transmit power Po is a target value for the average
of the transmit powers of low-speed terminals 4L belong-
ing to the low-speed terminal group. The low-speed ter-
minal group transmits the UL signals such that at least
total target throughput THo is achieved at a transmit pow-
erequal to or less than average target transmit power Po.
[0055] High-speed terminals 4H are configured with
maximum transmit power P ,,,,. High-speed terminals 4H
transmit the UL signals such that the highest possible
throughput (that is, best-effort throughput) is achieved at
atransmit power equal to or less than maximum transmit
power P -

[0056] Toreduce the transmit powers of low-speed ter-
minals 4L, at least the coding scheme or the modulation
scheme of each of the UL signals may be changed such
that the required SNR is lower. However, changing the
coding scheme or the modulation scheme such that the
required SNR is lower may causes a decrease in data
rate, resulting in a total throughput of the low-speed ter-
minal group that is less than total target throughput THo.
[0057] To prevent this, base station device NB chang-
es the ratio between uy and u_ for accommodation by
the SDM depending on average target transmit power
Po of the low-speed terminal group. For example, base
station device NB increases the ratio of u_for accommo-
dation by the SDM (the ratio of uy becomes relatively
lower) when average transmit power P, of the low-speed
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terminal group is greater than average target transmit
power Po. The number of transmission layers to be as-
signed to the low-speed terminal group thus increases.
Therefore, total throughput TH, that decreases when at
least the coding scheme or the modulation scheme is
changed such that the received SNR is higher can be
increased to total target throughput THo using this in-
creased number of transmission layers.

[0058] Note that, although the throughputs of the low-
speed terminal group are totaled and compared in the
present embodiment, the throughput of each of low-
speed terminals 4L may also be compared with the target
throughput. Note also that, although the transmit powers
of the low-speed terminal group are averaged and com-
pared in the present embodiment, the transmit power of
each of low-speed terminals 4L may also be compared
with the target transmit power.

[0059] Forexample, base station device NB increases
the ratio of u_for accommodation by the SDM. Base sta-
tion device NB then indicates, to the low-speed terminal
group, that at least the coding scheme or the modulation
scheme of the UL signals is changed to achieve a higher
received SNR This allows the low-speed terminal group
toreduce average transmit power P| while avoiding caus-
ing total throughput TH, to fall below total target through-
put THo.

[0060] Inordertoincrease the received SNR using the
coding scheme, the coding scheme may be changed to
a coding scheme with a low coding rate (high error cor-
recting capability), for example. Additionally, in order to
increase the received SNR using the modulation
scheme, the modulation scheme may be changed to a
modulation scheme with a small number of bits per one
symbol, for example.

[0061] Base station device NB may hold in advance a
table for low-speed terminals (not illustrated) in which
total target throughput THo is associated with the coding
scheme and modulation scheme for which average trans-
mit power P|_is minimized and the received SNR is max-
imized, and base station device NB may determine the
coding scheme and modulation scheme for low-speed
terminals 4L using the table for low-speed terminals.
[0062] When total throughput TH| ofthe low-speed ter-
minal group is much greater than target total throughput
THo, base station device NB may increase the ratio of
uy for accommodation by the SDM (the ratio of u_ be-
comes relatively lower) as long as TH|_does notfall below
THg. The number of transmission layers to be assigned
to high-speed terminals 4H thus increases. Accordingly,
throughput THy, of high-speed terminals 4H can be in-
creased using this increased number of transmission lay-
ers.

[0063] Base station device NB may determine the cod-
ing scheme and modulation scheme for high-speed ter-
minals 4H such that throughput THy of high-speed ter-
minals 4H at uy is maximized. In this case, base station
device NB may hold in advance a table for high-speed
terminals (not illustrated) in which a desired throughput
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is associated with the coding scheme and modulation
scheme for which the received SNR is maximized at max-
imum transmit power P, and base station device NB
may determine the coding scheme and modulation
scheme for high-speed terminals 4H using the table for
high-speed terminals.

[0064] The coding scheme and the modulation
scheme mentioned above are examples of physical layer
parameters for changing the received SNR Base station
device NB may change the received SNR using other
physical layer parameters.

<Summary of Embodiment 1>

[0065] According to Embodiment 1, base station de-
vice NB includes BBU 3 (reception point) including a plu-
rality of antennas, and control section 22 that selects a
plurality of terminals which transmit UL signals to be re-
ceived while space-division multiplexed by the plurality
of antennas. In selecting the plurality of terminals, control
section 22 controls, depending on average target trans-
mit power Po configured for the low-speed terminal
group, the ratio between number u; of accommodated
low-speed terminals 4L and number uy of accommodat-
ed high-speed terminals 4H.

[0066] Base station device NB can thus reduce aver-
age transmit power P of low-speed terminals 4L by in-
creasing the ratio of u_, while avoiding causing total
throughput TH|_ of the low-speed terminal group to fall
below target total throughput THo.

(Embodiment 2)

[0067] Embodiment 1 has been described in relation
to communication system 1 in the case of a single site.
Embodiment 2 will be described in relation to communi-
cation system 1 in a case of a plurality of sites. Note that,
the block configurations of base station device NB and
terminal 4 have already been described with reference
to FIGS. 3 and 4, the descriptions of those block config-
urations will be omitted. Note also that, those descriptions
which have already been given for Embodiment 1 may
not be given for Embodiment 2.

<System Configuration>

[0068] FIGS.6A and 6B illustrate an example of a con-
figuration of a communication system according to Em-
bodiment 2.

[0069] As illustrated in FIGS. 6A and 6B, communica-
tion system 1 includes CU 2, a plurality of BBUs 3a and
3brespectively installed at a plurality of neighboring sites
1 and 2, and a plurality of terminals 4. BBUs 3 are con-
nected to CU 2 by fronthaul, such as optical extension.
CU 2 and BBUs 3 may also be referred to as "base station
device NB," collectively. Base station device NB may also
be referred to as "eNodeB."

[0070] In communication system 1 according to Em-
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bodiment 2, a UL signal from one of terminals 4 can be
received by a plurality of coordinated BBUs 3a and 3b
installed respectively at a plurality of neighboring sites 1
and 2, and aggregation of the UL signal at CU 2 can be
achieved. This is called "site coordination." For example,
BBU 3a at site 1 and BBU 3b at site 2 in coordination
with each other receives the UL signal from low-speed
terminal 4L in FIG. 6A.

[0071] Communication system 1 with the site coordi-
nation can improve the received SNR by performing con-
trol on the amplitude and the phase, for example, by max-
imum ratio combination using propagation channel infor-
mation as estimated separately.

[0072] Letting N denote the number of antenna ele-
ments of BBU 3 per one site, the number of antenna
elements in a case of performing the site coordination
between two sites is virtually 2Ng and the number of an-
tenna elements in a case of performing the site coordi-
nation between four sites is virtually 4Ng. That is, per-
forming the site coordination corresponds to virtually in-
creasing the number of elements of a reception antenna.
[0073] Inaddition, since places where BBUs 3 that per-
form the site coordination are disposed are geographi-
cally different (distant) from one another, the site diversity
effect can be expected more than in the case where the
number of antenna elements at one site is increased.
[0074] That is, the received SNR may be increased
more by performing the site coordination than in the case
where no site coordination is performed. Accordingly, av-
erage transmit power P|_of the low-speed terminal group
may be reduced by performing the site coordination.
[0075] However, when the site coordination is per-
formed, BBUs 3 receive only the UL signals from termi-
nals 4 belonging to one of the sites in a radio frame at a
certain timing for avoiding interference. For example,
when the site coordination is performed, BBUs 3a and
3b receive only the UL signals from terminals 4 belonging
to site 1 in a radio frame at a certain timing as illustrated
in FIG. 6A and receive only the UL signals from terminals
4 belonging to site 2 in a radio frame at another certain
timing as illustrated in FIG. 6B. That is, when the site
coordination is performed, the frequency reuse between
cells becomes temporarily unavailable, resulting in a de-
crease in area spectral efficiency.

[0076] Therefore, itdepends on total target throughput
THo and average target transmit power Po of the low-
speed terminal group whether or not it is preferable to
perform the site coordination. Further, the appropriate
ratio of u_ described in Embodiment 1 may also be dif-
ferent.

<Determination Method 1 for Determining u;_ and Ns>

[0077] Next, with reference to the flowchart illustrated
in FIG. 7, a description will be given of an example of a
method by base station device NB (CU 2) for determining
number u_of accommodated low-speed terminals 4L and
number Ns of BBUs 3 that perform the site coordination.
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Note that, Ns = 1 indicates that the site coordination is
not performed.

[0078] To begin with, control section 22 of CU 2 con-
figures u_ to 1 and Ns to 1 (initializes u,_and Ns) (S101).
[0079] Next, control section 22 configures average tar-
get transmit power Po of the low-speed terminal group
(S102). Average target transmit power Po may be de-
fined in advance for each terminal class. That s, the low-
speed terminal group may be configured with average
target transmit power Po defined in advance for the ter-
minal class to which the low-speed terminal group be-
longs.

[0080] Next, control section 22 determines whether or
not average transmit power P|_of the low-speed terminal
group is equal to or less than Po (S103).

[0081] When P_< P (SI103: YES), control section 22
ends the present process (END). When P_> P (SI03:
NO), control section 22 determines whether or not u| is
greater than maximum accommodable number MU,
(S104).

[0082] When u > MU,,,, (SI04: YES), control section
22 ends the present process (END). When u < MU ;.
(S104: NO), control section 22 adds 1 to u; (§105), and
determines whether or not the throughput of the entire
communication system (referred to as "system through-
put") increases in that case (S106). Note that, control
section 22 may compute the system throughput by col-
lecting and totaling the throughputs of terminals 4 meas-
ured by communication quality obtainment section 21 of
each of BBUs 3, for example.

[0083] WhenthedeterminationresultatS106is"YES,"
the process returns to S103. When the determination re-
sult at S106 is "NO," control section 22 adds 1 to Ns
(8107), and determines whether or not the system
throughput increases in that case (S108).

[0084] When the determination result at S108 is "NO,"
control section 22 subtracts 1 from Ns (S109), and the
process returns to S106. When the determination result
at S108 is "YES," control section 22 configures u|_to 1
(8110), and determines whether or not the system
throughput increases in that case (S111).

[0085] When the determination resultat S111is "NO,"
the process returns to S105. When the determination re-
sult at S111 is "YES," the process returns to S103.
[0086] That is, in the process described above, CU 2
(control section 22) increases number Ns of BBUs for
site coordination when average transmit power P|_of the
low-speed terminal group does not fall below average
target transmit power Po even by increasing the ratio of
number u; of accommodated low-speed terminals 4L.
[0087] By the above process, CU 2 (control section 22)
can determine number u; of accommodated low-speed
terminals 4L and number Ns of BBUs for site coordination
for which average transmit power P, of the low-speed
terminal group is equal to or less than average target
transmit power Po and the system throughput is maxi-
mized.
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<Determination Method 2 for Determining u; and Ns>

[0088] Next, with reference to the flowchart illustrated
in FIG. 8, a description will be given of another example
of the method by base station device NB (CU 2) for de-
termining u_and Ns.

[0089] To begin with, control section 22 of CU 2 con-
figures average target transmit power Po of the low-
speed terminal group (S201).

[0090] Next, control section 22 determines whether or
not average transmit power P|_of the low-speed terminal
group is equal to or less than Po (S202).

[0091] When P <P, (S202: YES), control section 22
ends the present process (END).

[0092] When P> P, (S202: NO), control section 22
selects, from combination table 300 illustrated in FIG. 9,
a combination of uj, uy, and Ns for which the system
throughput is maximized at Po (S203), and ends the
present process (END).

[0093] Next, a description will be given of combination
table 300 with reference to FIG. 9.

[0094] In combination table 300 as illustrated in FIG.
9, target transmit powers Po of low-speed terminals 4L
are associated in advance respectively with combina-
tions of u|, uy, and Ns for which the system throughput
is maximized. Note that, combination table 300 illustrated
inFIG. 9is an example in the case of MU, = U +uy = 8.
[0095] At S203 in FIG. 8, control section 22 selects
from combination table 300 the combination of uj, uy,
and Ns associated with Po configured at S201. When Po
is configured to 9, for example, control section 22 selects
the combination of u_ = 3, uy =5, and Ns = 2 associated
with the fourth row since Po = 9 corresponds to the fourth
row in combination table 300.

[0096] It is thus possible to determine number u of
accommodated low-speed terminals 4L, number uy of
accommodated high-speed terminals 4H, and number
Ns of BBUs that perform the site coordination for which
average transmit power P of the low-speed terminal
group is equal to or less than average target transmit
power Po and the system throughput is maximized.
[0097] Next, with reference to a graph of a result of a
computer simulation as illustrated in FIG. 10, a descrip-
tion will be given of a relationship between the transmit
powers of terminals 4 and the system throughput char-
acteristics. Note that, actual measurement data in an in-
door lobby environmentis used for propagation channels
in the computer simulation. The notations in the paren-
theses given respectively to plot pointsin FIG. 10 indicate
(U, up).

[0098] The graph of FIG. 10 shows that relatively in-
creasing u_(increasingtheratioofu, ) leadstoadecrease
in average transmit power of the low-speed terminal
group independently of whether or not the site coordina-
tion is performed. However, since relatively increased u;
causes a reduction in radio resources for high-speed ter-
minals 4H, throughput THy of high-speed terminals 4H
decreases, resulting in a decrease in system throughput
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THgys.

[0099] Next, with reference to FIG. 10, a description
will be given of a case where an average transmit power
that is 10 dB lower than that in the conventional radio
communication system (e.g., 4G) is configured as aver-
age target transmit power Po of the low-speed terminal
group.

[0100] Accordingtothe graph of FIG. 10, when number
Ng of receive antenna elements is 128, it is possible to
achieve P <Poatany u,. In this case, when u_is 1 (that
is, smallest u ), system throughput TH, is maximized.
[0101] As compared to this, in the case of Ng = 64 and
when the site coordination is not performed (Ns = 1), it
is not possible to achieve P < Po when u_ =1 or 2, and
u_needs to be 3 orgreaterto achieve P| <P. In addition,
in the case of Ng < 32, it is not possible to achieve P| <
Po when the site coordinationis not performed. However,
the site coordination is performed with Ns = 4, it is pos-
sible to achieve P|_< Po with u; =3 even when Ny = 32.
That s, the average transmit power of the low-speed ter-
minal group can be reduced by 10 dB.

[0102] Asunderstood, performing the site coordination
alleviates requirements relevant to the number of space-
division multiplexed terminals of the low-speed terminal
group. For example, in the case of Ng = 64 and when the
site coordination is not performed, u_ needs to be 3 in
order to achieve P|_< P, while u__can be 2 when the site
coordination is performed. That is, system throughput
THSys may improve by performing the site coordination.
However, as described above, only terminals 4 belonging
to one certain site may be those which can obtain a trans-
mission occasion in a radio frame at a certain timing when
the site coordination is performed.

[0103] In addition, as understood from the slopes in
the graph in FIG. 10, the rate of an increase in system
throughput made by reducing the ratio of u_(by increas-
ing the ratio of uy) when the site coordination is performed
is less than that made when the site coordination is not
performed. That s, there is a trade-off between average
transmit power P of the low-speed terminal group and
system throughput THg .

[0104] Therefore, the system throughput characteris-
tics with respect to the average target transmit power of
the low-speed terminal group may be derived in advance
as illustrated in FIG. 10, and base station device NB may
select the optimal combination of uy and Ns using the
derived result.

[0105] Forexample, according to the graph of FIG. 10,
when P| < Po is to be achieved in the case of Ng = 64,
the combination of "Ns = 1 (without site coordination) and
u_ = 3" is preferable to the combination of "Ns = 2 (with
site coordination) and u; = 2" since system throughput
THSys of the former combination is slightly higher than
that of the latter combination at the same average trans-
mit power P.

[0106] Similarly, according to the graph of FIG. 10, in
the case of Ng = 64 and when an average transmit power
that is 15 dB lower than that in the conventional radio
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communication system (e.g., 4G) is configured as aver-
age target transmit power Po of the low-speed terminal
group, the combination of "Ns = 2 (with site coordination)
and u = 3" is preferable to the combination of "N = 1
(without site coordination) and u;_ = 4" since transmit pow-
er P of the former combination is less than that of the
latter combination and system throughput THg ¢ of the
former combination is higher than that of the latter com-
bination.

<Summary of Embodiment 2>

[0107] According to Embodiment 2, base station de-
vice NB includes BBUs 3 (reception point) including a
plurality of antennas, and control section 22 that selects
a plurality of terminals which transmit UL signals to be
received while space-division multiplexed by the plurality
of antennas. Then, in selecting the plurality of candidate
terminals, control section 22 controls, depending on av-
erage target transmit power Po configured for the low-
speed terminal group, the ratio between number u_ of
accommodated low-speed terminals 4L and number uy
of accommodated high-speed terminals 4H and the
number of BBUs 3 that perform the site coordination (the
number of antennas for use in space-division multiplex-
ing and reception).

[0108] Base station device NB can thus reduce aver-
age transmit power P of the low-speed terminal group
while avoiding causing total throughput TH, of the low-
speed terminal group to fall below total target throughput
THo by increasing at least the ratio of u_ or number of
Ns of BBUs that perform the site coordination.

[0109] The embodiments of the present disclosure
have been described above.

(Hardware Configuration)

[0110] Note that the block diagrams used to describe
the embodiments illustrate blocks on the basis of func-
tions. These functional blocks (constituent sections) are
implemented by any combination of hardware and/or
software. A means forimplementing the functional blocks
is not particularly limited. That is, the functional blocks
may be implemented by one physically and/or logically
coupled apparatus. Two or more physically and/or logi-
cally separated apparatuses may be directly and/or indi-
rectly (for example, via wires and/or wirelessly) connect-
ed, and the plurality of apparatuses may implement the
functional blocks.

[0111] For example, CU 2, BBU 3, terminal 4, and the
like according to one embodiment of the present disclo-
sure may function as a computer that executes process-
ing of a radio communication method of the present dis-
closure. FIG. 11 illustrates an example of the hardware
configuration of CU 2, BBU 3, and terminal 4 according
to one embodiment of the present disclosure. CU 2, BBU
3, and terminal 4 described above may be physically con-
stituted as a computer apparatus including processor
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1001, memory 1002, storage 1003, communication ap-
paratus 1004, input apparatus 1005, output apparatus
1006, bus 1007, and the like.

[0112] Note that the term "apparatus" in the following
description can be replaced with a circuit, a device, a
unit, or the like. The hardware configurations of CU 2,
BBU 3, and terminal 4 may include one or more of the
apparatuses illustratedin the drawings or may notinclude
a part of the apparatuses.

[0113] Forexample, although only one processor 1001
is illustrated, there may be a plurality of processors. The
processing may be executed by one processor, or the
processing may be executed by one or more processors
at the same time, in succession, or in another manner.
Note that processor 1001 may be implemented by one
or more chips.

[0114] The functions in CU 2, BBU 3, and terminal 4
are implemented by predetermined software (program)
loaded into hardware, such as processor 1001, memory
1002, and the like, according to which processor 1001
performs the arithmetic and controls communication per-
formed by communication apparatus 1004 or reading
and/or writing of data in memory 1002 and storage 1003.
[0115] Processor 1001 operates an operating system
to entirely control the computer, for example. Processor
1001 may be composed of a central processing unit
(CPU) including an interface with peripheral apparatus-
es, control apparatus, arithmetic apparatus, register, and
the like. For example, scheduler 11, transmission signal
generation sections 13 and 32, coding and modulation
sections 14 and 33, mapping sections 15 and 34, RF
transmission and reception sections 16 and 35, demap-
ping sections 18 and 37, channel estimation sections 19
and 38, demodulation and decoding sections 20 and 39,
communication quality obtainment section 21, control
section 22, application section 31, communication quality
measurement section 40, and/or the like may be imple-
mented by processor 1001. In addition, a necessary table
may be stored in memory 1002.

[0116] Processor 1001 reads out a program (program
code), a software module, or data from storage 1003
and/or communication apparatus 1004 to memory 1002
and executes various types of processing according to
the read-out program or the like. The program used is a
program for causing the computer to execute atleast part
of the operation described in the embodiments. For ex-
ample, at least part of the functional blocks constituting
CU 2, BBU 3, and terminal 4 may be implemented by a
control program stored in memory 1002 and operated by
processor 1001, and the other functional blocks may also
be implemented in the same way. While it has been de-
scribed that the various types of processing as described
above are executed by one processor 1001, the various
types of processing may be executed by two or more
processors 1001 atthe same time or in succession. Proc-
essor 1001 may be implemented by one or more chips.
Note thatthe program may be transmitted from a network
through a telecommunication line.
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[0117] Memory 1002is a computer-readable recording
medium and may be composed of, for example, at least
one of a Read Only Memory (ROM), an Erasable Pro-
grammable ROM (EPROM), an Electrically Erasable
Programmable ROM (EEPROM), and a Random Access
Memory (RAM). Memory 1002 may be called a register,
a cache, a main memory (main storage apparatus), or
the like. Memory 1002 can save a program (program
code), a software module, and the like that can be exe-
cuted to carry out the radio communication method ac-
cording to an embodiment of the present disclosure.
[0118] Storage 1003 is a computer-readable recording
medium and may be composed of, for example, at least
one of an optical disk such as a Compact Disc ROM (CD-
ROM), a hard disk drive, a flexible disk, a magneto-optical
disk (for example, a compactdisc, a digital versatile disc,
or a Blue-ray (registered trademark) disc), a smart card,
a flash memory (for example, a card, a stick, or a key
drive), a floppy (registered trademark) disk, and a mag-
netic strip. Storage 1003 may also be called an auxiliary
storage apparatus. The storage medium as described
above may be a database, server, or other appropriate
media including memory 1002 and/or storage 1003.
[0119] Communication apparatus 1004 is hardware
(transmission and reception device) for communication
between computers through a wired and/or wireless net-
work and is also called, for example, a network device,
a network controller, a network card, or a communication
module. For example, RF transmission and reception
sections 16 and 35, antenna elements 17 and 36, and/or
the like described above may be implemented by com-
munication apparatus 1004.

[0120] Input apparatus 1005 is an input device (for ex-
ample, a keyboard, a mouse, a microphone, a switch, a
button, or a sensor) that receives input from the outside.
Output apparatus 1006 is an output device (for example,
a display, a speaker, or an LED lamp) which outputs to
the outside. Note that input apparatus 1005 and output
apparatus 1006 may be integrated (for example, a touch
panel).

[0121] The apparatuses, such as processor 1001 and
memory 1002, are connected by bus 1007 for commu-
nication of information. Bus 1007 may be composed of
a single bus or by buses different among the apparatus-
es.

[0122] Furthermore, CU 2, BBU 3, and terminal 4 may
include hardware, such as a microprocessor, a digital
signal processor (DSP), an Application Specific Integrat-
ed Circuit (ASIC), a Programmable Logic Device (PLD),
and a Field Programmable Gate Array (FPGA), and the
hardware may implement part or all of the functional
blocks. For example, processor 1001 may be implement-
ed by at least one of these pieces of hardware.

(Notification and Signaling of Information)

[0123] The notification of information is not limited to
the aspects or embodiments described in the present
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specification, and the information may be notified by an-
other method. Forexample, the notification of information
may be carried out by one or a combination of physical
layer signaling (for example, Downlink Control Informa-
tion (DCI) and Uplink Control Information (UCI)), higher
layer signaling (for example, Radio Resource Control
(RRC) signaling, Medium Access Control (MAC) signal-
ing, broadcast information (Master Information Block
(MIB) and System Information Block (SIB)), and other
signals. The RRC signaling may be called an RRC mes-
sage and may be, for example, an RRC connection setup
message, an RRC connection reconfiguration message,
or the like.

(Adaptive System)

[0124] The aspects and embodiments described in the
present specification may be applied to a system using
Long Term Evolution (LTE), LTE-Advanced (LTE-A), SU-
PER 3G, IMT-Advanced, 4G, 5G, Future Radio Access
(FRA), W-CDMA (registered trademark), GSM (regis-
tered trademark), CDMA2000, Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, Ultra-WideBand (UWB), Bluetooth (regis-
tered trademark), or other appropriate systems and/or to
a next-generation system extended based on the above
systems.

(Processing Procedure and the like)

[0125] The orders of the processing procedures, the
sequences, the flow charts, and the like of the aspects
and embodiments described in the present specification
may be changed as long as there is no contradiction. For
example, elements of various steps are presented in ex-
emplary orders in the methods described in the present
specification, and the methods are not limited to the pre-
sented specific orders.

(Operation of Base Station)

[0126] Specific operations which are described in the
specification as being performed by the base station (ra-
dio base station) may sometimes be performed by an
upper node depending on the situation. Various opera-
tions performed for communication with a terminal in a
network constituted by one network node or a plurality
of network nodes including a base station can be obvi-
ously performed by the base station and/or a network
node other than the base station (examples include, but
not limited to, Mobility Management Entity (MME) or
Serving Gateway (S-GW)). Although there is one network
node in addition to the base station in the case illustrated
above, a plurality of other network nodes may be com-
bined (for example, MME and S-GW).
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(Direction of Input and Output)

[0127] The information, the signals, and the like can
be output from a higher layer (or a lower layer) to a lower
layer (or a higher layer). The information or the like may
be input and output through a plurality of network nodes.

(Handling of Input and Output Information and the like)

[0128] The input and output information and the like
may be saved in a specific place (for example, memory)
or may be managed by a management table. The input
and output information and the like can be overwritten,
updated, or additionally written. The output information
and the like may be deleted. The input information and
the like may be transmitted to another apparatus.

(Determination Method)

[0129] The determination may be made based on a
value expressed by one bit (0 or 1), based on a Boolean
value (true or false), or based on comparison with a nu-
merical value (for example, comparison with a predeter-
mined value).

(Software)

[0130] Regardless of whether the software is called
software, firmware, middleware, a microcode, or a hard-
ware description language or by another name, the soft-
ware should be broadly interpreted to mean an instruc-
tion, an instruction set, a code, a code segment, a pro-
gram code, a program, a subprogram, a software mod-
ule, an application, a software application, a software
package, a routine, a subroutine, an object, an executa-
ble file, an execution thread, a procedure, a function, and
the like.

[0131] The software, the instruction, and the like may
be transmitted and received through a transmission me-
dium. For example, when the software is transmitted from
a website, a server, or another remote source by using
a wired technique, such as a coaxial cable, an optical
fiber cable, a twisted pair, and a digital subscriber line
(DSL), and/or a wireless technique, such as an infrared
ray, a radio wave, and a microwave, the wired technique
and/or the wireless technique is included in the definition
of the transmission medium.

(Information and Signals)

[0132] The information, the signals, and the like de-
scribed in the present specification may be expressed
by using any of various different techniques. For exam-
ple, data, instructions, commands, information, signals,
bits, symbols, chips, and the like that may be mentioned
throughout the entire description may be expressed by
one or an arbitrary combination of voltage, current, elec-
tromagnetic waves, magnetic fields, magnetic particles,
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optical fields, and photons.

[0133] Note that the terms described in the present
specification and/or the terms necessary to understand
the present specification may be replaced with terms with
the same or similar meaning. For example, the channel
and/or the symbol may be a signal. The signal may be a
message. The component carrier (CC) may be called a
carrier frequency, a cell, or the like.

("System" and "Network")

[0134] The terms "system" and "network" used in the
present specification can be interchangeably used.

(Names of Parameters and Channels)

[0135] The information, the parameters, and the like
described in the present specification may be expressed
by absolute values, by values relative to predetermined
values, or by other corresponding information. For ex-
ample, radio resources may be indicated by indices.
[0136] The names used for the parameters are notlim-
ited in any respect. Furthermore, the numerical formulas
and the like using the parameters may be different from
the ones explicitly disclosed in the present specification.
Various channels (for example, Physical Uplink Control
Channel (PUCCH) and Physical Downlink Control Chan-
nel (PDCCH)) and information elements (for example,
TPC) can be identified by any suitable names, and var-
ious names assigned to these various channels and in-
formation elements are not limited in any respect.

(Base Station)

[0137] The base station (radio base station) can ac-
commodate one cell or a plurality of (for example, three)
cells (also called sector). When the base station accom-
modates a plurality of cells, the entire coverage area of
the base station can be divided into a plurality of smaller
areas, and each of the smaller areas can provide a com-
munication service based on a base station subsystem
(for example, small base station for indoor, remote radio
head (RRH)). The term "cell" or "sector" denotes part or
all of the coverage area of the base station and/or of the
base station subsystem that perform the communication
service in the coverage. Furthermore, the terms "base
station", "eNB", "cell", and "sector" can be interchange-
ably used in the present specification. The base station
may be called a fixed station, a NodeB, an eNodeB (eNB),
an access point, a femto cell, a small cell, or the like.

(Terminal)

[0138] The terminal may be called, by those skilled in
the art, a mobile station, a subscriber station, a mobile
unit, a subscriber unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wireless communi-
cation device, a remote device, a mobile subscriber sta-
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tion, an access terminal, a mobile terminal, a wireless
terminal, a remote terminal, a handset, a user agent, a
mobile client, a client, or a User Equipment (UE) or by
some other appropriate terms.

(Meaning and Interpretation of Terms)

[0139] As used herein, the term "determining” may en-
compass a wide variety of actions. For example, "deter-
mining" may be regarded as judging, calculating, com-
puting, processing, deriving, investigating, looking up
(e.g., looking up in a table, a database or another data
structure), ascertaining and the like. Also, "determining”
may be regarded as receiving (e.g., receiving informa-
tion), transmitting (e.g., transmitting information), input-
ting, outputting, accessing (e.g., accessing data in a
memory)and the like. Also, "determining" may be regard-
ed as resolving, selecting, choosing, establishing and the
like. That is, "determining" may be regarded as a certain
type of action related to determining.

[0140] The terms "connected" and "coupled" as well
as any modifications of the terms mean any direct or in-
direct connection and coupling between two or more el-
ements, and the terms can include cases in which one
or more intermediate elements exist between two "con-
nected" or "coupled" elements. The coupling or the con-
nection between elements may be physical or logical
coupling or connection or may be a combination of phys-
ical and logical coupling or connection. When the terms
are used in the present specification, two elements can
be considered to be "connected" or "coupled" to each
other by using one or more electrical wires, cables, and/or
printed electrical connections or by using electromagnet-
ic energy, such as electromagnetic energy with a wave-
length of aradio frequency domain, a microwave domain,
or an optical (both visible and invisible) domain that are
non-limiting and non-inclusive examples.

[0141] The reference signal can also be abbreviated
as RS and may also be called a pilot depending on the
applied standard. The correction RS may be called a
Tracking RS TRS), a Phase Compensation RS (PC-RS),
a Phase Tracking RS (PTRS), or an additional RS. The
demodulation RS and the correction RS may be called
by other corresponding names, respectively. The de-
modulation RS and the correction RS may be specified
by the same name (for example, demodulation RS).
[0142] The description "based on" used in the present
specification does not mean "based only on," unless oth-
erwise specifically stated. In other words, the description
"based on" means both of "based only on" and "based
at least on."

[0143] The "section" in the configuration of each ap-
paratus may be replaced with "means," "circuit," "device,"
or the like.

[0144] The terms "including," "comprising," and modi-
fications of these terms are intended to be inclusive just
like the term "having," as long as the terms are used in
the present specification or the appended claims. Fur-
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thermore, the term "or" used in the present specification
or the appended claims is notintended to be an exclusive
or.

[0145] The radio frame may be constituted by one
frame or a plurality of frames in the time domain. The one
frame or each of the plurality of frames may be called a
subframe, a time unit, or the like in the time domain. The
subframe may be further constituted by one slot or a plu-
rality of slots in the time domain. The slot may be further
constituted by one symbol or a plurality of symbols (Or-
thogonal Frequency Division Multiplexing (OFDM)) sym-
bol, Single Carrier-Frequency Division Multiple Access
(SC-FDMA) symbol, or the like) in the time domain.
[0146] The radio frame, the subframe, the slot, and the
symbol indicate time units in transmitting signals. The
radio frame, the subframe, the slot, and the symbol may
be called by other corresponding names.

[0147] For example, in the LTE system, the base sta-
tion creates a schedule for assigning radio resources to
each mobile station (such as frequency bandwidth that
can be used by each mobile station and transmission
power). The minimum time unit of scheduling may be
called a Transmission Time Interval (TTI).

[0148] For example, one subframe, a plurality of con-
tinuous subframes, or one slot may be called a TTI.
[0149] The resource unitis a resource assignment unit
in the time domain and the frequency domain, and the
resource unit may include one subcarrier or a plurality of
continuous subcarriers in the frequency domain. In ad-
dition, the resource unit may include one symbol or a
plurality of symbols in the time domain, and may have a
length of one slot, one subframe, or one TTI. One TTI
and one subframe may be constituted by one resource
unit or a plurality of resource units. The resource unit may
be called a resource block (RB), a physical resource
block (PRB: Physical RB), a PRB pair, an RB pair, a
scheduling unit, a frequency unit, or a subband. The re-
source unit may be constituted by one RE or a plurality
of REs. For example, one RE only has to be a resource
smaller in unit size than the resource unit serving as a
resource assignment unit (for example, one RE only has
to be a minimum unit of resource), and the naming is not
limited to RE.

[0150] The structure of the radio frame is illustrative
only, and the number of subframes included in the radio
frame, the number of slots included in the subframe, the
numbers of symbols and resource blocks included in the
slot, and the number of subcarriers included in the re-
source block can be changed in various ways.

[0151] When articles, such as "a," "an," and "the" in
English, are added by translation in the entire disclosure,
the articles include plural forms unless otherwise clearly
indicated by the context.

(Variations and the like of Aspects)

[0152] Theaspects and embodiments describedinthe
present specification may be independently used, may
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be used in combination, or may be switched and used
along the execution. Furthermore, notification of prede-
termined information (for example, notification indicating
"itis X") is not limited to explicit notification, and may be
performed implicitly (for example, by not notifying the pre-
determined information).

[0153] While the present disclosure has been de-
scribed in detail, it is obvious to those skilled in the art
that the present disclosure is not limited to the embodi-
ments described in the present specification. Modifica-
tions and variations of the aspects of the present disclo-
sure can be made without departing from the spirit and
the scope of the present disclosure defined by the de-
scription of the appended claims. Therefore, the descrip-
tion of the present specification is intended for exemplary
description and does not limit the present disclosure in
any sense.

[0154] The present patent application claims the ben-
efit of priority based on Japanese Patent Application No.
2018-081835 filed on April 20, 2018, and the entire con-
tent of Japanese Patent Application No. 2018-081835 is
hereby incorporated by reference.

Industrial Applicability

[0155] One aspect of the present disclosure is useful
for a mobile communication system.

Reference Signs List
[0156]

1 Communication system

2CU

3, 3a, 3b BBU

4, 4H, 4L Terminal

11 Scheduler

12 I/F section

13, 32 Transmission signal generation section
14, 33 Coding and modulation section

15, 34 Mapping section

16, 35 RF transmission and reception section
17, 36 Antenna element

18, 37 Demapping section

19, 38 Channel estimation section

20, 39 Demodulation and decoding section

21 Communication quality obtainment section
22 Control section

31 Application section

40 Communication quality measurement section
300 Combination table

NB Base station device

Claims

1. A base station device (NB), comprising:
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a reception point (3) that includes a plurality of
antennas; and

a control section (22) that selects a plurality of
terminals (4) that transmit uplink signals to be
received while space-division multiplexed by the
plurality of antennas, wherein

the control section (22) controls a ratio between
a number of first terminals (4L) and a number of
second terminals (4H) in selecting the plurality
ofterminals (4), the second terminals (4H) being
terminals whose rate of the uplink signals is
higher than a rate of the uplink signals of the first
terminals (4L), the ratio being controlled de-
pending on a target transmit power configured
for the first terminals (4L).

The base station device (NB) according to claim 1,
wherein

the rate of the uplink signals of the first terminals (4L)
is guaranteed.

The base station device (NB) according to claim 1,
wherein

controlling the ratio includes relatively increasing the
number of the first terminals (4L) among the plurality
of terminals (4).

The base station device (NB) according to claim 1,
wherein

the control section (22) controls, depending on the
target transmit power, a number of antennas for use
in the space division multiplexing by coordination
with another reception point disposed at a place dif-
ferent from a place of the reception point (3).

The base station device (NB) according to claim 3,
wherein

the control section (22) increases a number of the
reception points to be coordinated, when increasing
the ratio of the number of the first terminals (4L) does
not cause a transmit power of the first terminals (4L)
to be equal to or less than the target transmit power.

The base station device (NB) according to claim 3,
wherein

the control section (22) determines the number of
the first terminals (4L) and the number of the recep-
tion points to be coordinated, the number of the first
terminals (4L) and the number of the reception points
to be coordinated being determined using informa-
tion on a predetermined combination of the ratio and
the number of the reception points to be coordinated,
the predetermined combination being a combination
for which a system throughput is maximized at the
target transmit power.

A communication method to be performed by a base
station device (NB), the communication method
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comprising:

processing of receiving uplink signals that are
space-division multiplexed by a plurality of an-
tennas of a reception point (3); and

processing of controlling a ratio between a
number of first terminals (4L) and a number of
second terminals (4H) in selecting a plurality of
terminals (4) that transmit the uplink signals, the
second terminals (4H) being terminals whose
rate of the uplink signals is higher than a rate of
the uplink signals of the first terminals (4L), the
ratio being controlled depending on a target
transmit power configured for the first terminals
(4L).
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